During their migration through the pig's body, Ascaris suum larvae cause significant damage 21 to the lungs. Little is known about the actual impact of this tissue damage on the occurrence 22 and severity of respiratory problems in industrial pig fattening farms. In this study, we 23 evaluated the link between the serological response to two different A. suum antigen 24 preparations and respiratory or meat inspection outcomes. Two different serological tests 25 2 were used that measure antibodies against either the A. suum haemoglobin molecule or 26 complete homogenate of the 3 rd stage larva that migrate through the lungs. Firstly, serum 27 samples were analysed that were collected from 19 herds in which the cause of acute clinical 28 respiratory symptoms was either Actinobacillus pleuropneumoniae, A. suum, or a 29 miscellaneous cause. This was done to test whether serological results could confirm 30 pathological findings. Secondly, serum samples from 60 herds of finishing pigs with a history 31 of high or low frequency of pleuritis at meat inspection (MI), but without acute respiratory 32 symptoms at the time of sampling, were also submitted for serological evaluation using both 33 tests. Regression models were used to search for potential associations between the proportion 34 of pigs testing seropositive with MI results, in particular pathological changes related to the 35 lungs. The results of both ELISAs were strongly associated (P < 0.001) with pigs belonging 36 to a herd where the respiratory problems could be attributed to A. suum by histology, 37 indicating that both tests can be used to diagnose clinical respiratory outbreaks due to A. 38 suum. In the herds without acute clinical respiratory symptoms, a positive association was 39 found between the proportion of pigs testing seropositive and the percentage of livers rejected 40 due to milk spots and with whole carcass condemnations. No association was found between 41 Ascaris serology and lung pathology (pneumonia and pleuritis) registered at MI, however, 42 challenging the likely involvement of Ascaris in the development of these lesions. 43 44 45 46 Highlights 47  ELISA tests could associate acute respiratory outbreaks wirh Ascaris suum. 48  Anti-Ascaris antibodies were not associated with pneumonia nor pleuritis. 49  Milk spots and carcass condemnations were associated with anti-Ascaris antibodies.
presence of anti-Ascaris antibodies and the timing of the antibody reaction may be a sensitive 86 way of identifying not only the animals or groups of animals exposed to migrating larvae 87 (Vlaminck et al., 2012) , but also the associations with effects observable at slaughter (Eriksen 88 et al., 1992; Nejsum et al., 2009; Vlaminck et al. 2015) . 89 Firstly, using two different serological tests, we examined the serum of fattening pigs to 90 investigate whether specific antibodies against A. suum could confirm previous findings in 91 herds with acute respiratory problems (ACUTE herds) caused either by Actinobacillus 92 pleuropneumoniae-infection (APP), A. suum, or miscellaneous causes. Secondly, we 93 examined whether Ascaris serology in herds experiencing no respiratory symptoms (NON-94 ACUTE herds), with a history of high or low pleuritis in MI, was associated with MI findings. The experiment was approved by Southern Finland Regional State Administrative Agency 99 (ESAVI/5547/04.10.07/2013). Farmers were asked to participate in the experiment 100 voluntarily and they had the possibility to withdraw from the study at any time.
Of the 92 herds contacted, 32 (35%) opted out or were unable to participate. Altogether 60 140 herds participated in the study: 33 HP herds and 27 LP herds. The first visit was made at the 141 beginning of the finishing period (week 1, mean 8 days ± 10.5 SD), and the second visit was 142 around 10 weeks (week 10, mean 74 days ± 14.8 SD) after entering the unit, and right before 143 slaughter. In 37 herds, the same pigs were sampled twice both during week 1 and week 10, 144 and in 27 herds they were sampled only during week 10. If the herd had several rooms, only 145 one room per herd was included in the study. Blood samples were collected from 20 pigs with 146 no clinical respiratory symptoms in each herd and handled the same way as described for 147 samples collected from ACUTE herds. Herd owners provided information about the dates when pigs were sent to slaughter and 150 authorized the researchers to obtain the MI findings of all pigs slaughtered in the herds during 151 the same time period when the sampled study pigs were slaughtered. The following variables 152 were used to examine the association with Ascaris infections: number of pigs <61 kg of 153 slaughter weight (N); slaughter weight (kg); proportion of pigs with milk spots, pleuritis, 154 pneumonia, abscesses, partial carcass condemnations, or whole carcass condemnations (% of 155 pigs slaughtered from the herd). The causes of acute respiratory problems on the farms studied were APP (13/19, 68.4%), A. 1.26 ± 0.70 SD (median 1.26, min-max 0.11-2.69) at the first sampling and 1.78 ± 0.54 SD 215 (median 1.81, min-max 0.42-2.85) at second sampling, one month later.
216
Using the As-L3-Lung ELISA in herds with respiratory outbreaks caused by APP, A. suum, 217 and miscellaneous causes, 1.6% (4/258), 84.8% (50/59), or 1.7% (1/60) were positive at the 218 first sampling, and 2.0% (5/253), 98.2% (54/55), or 3.5% (2/57) one month later, respectively.
219
In herds where respiratory outbreaks were not caused by A. suum, mean As-L3-Lung ODR 220 were 0.02 ± 0.12 SD (median 0.01, min-max -0.20-1.38) at first sampling and 0.00 ± 0.10 SD 221 (median -0.01, min-max -0.19-0.45) one month later. The mean As-L3-Lung ODR in herds 222 with respiratory outbreaks attributable to A. suum infection were 1.02 ± 0.66 SD (median 223 0.01, min-max -0.20-1.38) at first sampling, and 2.02 ± 0.77 SD (median 1.72, min-max 224 0.03-3.21) one month later.
225
Pigs that were positive on both ELISAs at the first sampling (P < 0.001, Supplementary 226 materials: Table S1 , P < 0.001 and Table S2 , P < 0.001, respectively) and one month later (P 227 < 0.001, Supplementary materials: Table S3 , P < 0.001 and proportion of pigs testing positive using the As-Hb and As-L3-Lung ELISA is presented in 234 Table 2 . Mean As-Hb ODR values were 0.13 ± 0.21 SD (median 0.08, min-max -0.11-1.47) 235 at week 1 and 0.35 ± 0.30 SD (median 0.26, min-max -0.18-2.39) at week 10. Mean As-L3-
236
Lung ODR values were 0.04 ± 0.28 SD (median -0.03, min-max -0.20-2.07) at week 1 and 237 0.21 ± 0.43 SD (median 0.06, min-max -0.28-2.73) at week 10.
239
The presence of liver milk spots was associated with the proportion of pigs testing 240 seropositive in the herd, both when tested during week 1 (Supplementary materials: Table S5 , 241 P = 0.030) and week 10 ( Table 3 , P = 0.026), using the As-L3-Lung ELISA. The final 242 regression models could also detect a negative association between the proportion of pigs with 243 abscesses at MI and the proportion of pigs testing seropositive in the herd during week 10 244 (Supplementary materials: Table S6 , P = 0.028) using the As-L3-Lung ELISA. A positive 245 association was found between whole carcass condemnation at MI and the proportion of pigs 246 testing seropositive in the herd during week 10, when tested using the As-Hb (Table 4 , P = 247 0.008) and As-L3-Lung ELISA (Supplementary materials: Table S7 , P = 0.046). 
Association between Ascaris antibodies and pathological changes in MI 275
The most common approach to study the connection between presence of A. suum and the Herds with higher numbers of seropositive pigs using the As-L3-Lung ELISA had a higher 302 proportion of livers rejected at MI due to milk spots. This is consistent with what has been 303 observed in other studies and is a consequence of Ascaris larvae migrating through the liver 304 (Roepstorff et al., 1997; Vlaminck et al., 2015; Martínez-Pérez et al., 2017; Lassen et al., 305 2017). The same association could not be demonstrated, however when the As-Hb ELISA 306 was employed. This can be explained by the fact that the As-L3-Lung ELISA is better at 307 detecting exposure to the larval stages of the parasite than the As-Hb ELISA, and likely 308 reflects that the haemoglobin molecule is mostly produced and excreted by the later larval 309 stages and adult worms in particular (Vlaminck et al., 2012) .
311
Linear regression analysis further predicted that pigs that tested seropositive at week 10 using 312 the As-L3-Lung ELISA and originated from a HP herd had a lower chance of having 313 abscesses at MI. The reason for this unexpected result is not clear, and it may be expected the 314 damage to the mucosal barrier in the lungs by migrating Ascaris larvae burrowing through the 315 tissue may ease access to bacteria and viruses (Underdahl and Kelly, 1957; Christensson et 316 al., 1991; Roepstorff, 2003) and therefore one could expect a higher chance of abscesses. The 317 synergistic effects of migrating Ascaris larvae and Escherichia coli has been associated with 318 the occurrence of abscesses in pigs (Adedeji et al., 1989) , and ascariasis has been linked to 319 increased susceptibility to Pasteurella multocida, Escherichia coli and Salmonella spp. in the 320 lungs (Curtis et al., 1987; Tjornehoj et al., 1992; Smith et al., 2011) .
14
The As-Hb ELISA demonstrated a stronger association with the proportion of pigs with whole 322 carcass condemnation from a herd, compared with the As-L3-Lung ELISA, during week 10.
323
The reason for the association is challenging to speculate on as data on the underlying reason 324 for rejecting the whole carcass of a pig are many and was not collected. 325 Our results reflect that lung pathology may be a multifactorial effect in which A. suum plays a 326 role both mechanically and immunologically. How A. suum infections affect the development 327 of other infectious diseases is not well studied and merits more attention. Table 1 . Descriptive data of meat inspection findings in slaughterhouses from pig herds 453 without acute respiratory symptoms and Ascaris suum antibody results in pigs, at the 454 beginning (week 1) and at the end (week 10) of the finishing period. 
